ROTARY COMPRESSOR 



TECHNICAL FIELD 

[0001] The present invention relates to a rotary compressor and more particularly 
relates to a rotary compressor for compressing a fluid in two stages. 
BACKGROUND ART 

[0002] Conventionally, as disclosed in Patent Document 1, some of rotary 

compressors each include first and second rotary compressor elements and compress a 
refrigerant in two stages. The first and second rotary compressor elements are each 
configured such that a rotor and a blade are accommodated in a cylinder and a refrigerant 
is compressed by rotating the rotor in the cylinder. Furthermore, the refrigerant is 
compressed by the first rotary compressor element and then compressed by the second 
rotary compressor element. In other words, the refrigerant is compressed in two stages by 
the first and second rotary compressor elements. As a result, an efficient operation is 
performed. 

Patent Document 1: Japanese Unexamined Patent Publication No. 2003-293971 
DISCLOSURE OF INVENTION 
Problems that the Invention is to Solve 

[0003] However, since, in a known rotary compressor, first and second rotary 
compressor elements are vertically arranged in different planes, the size of the whole 
compressor and the number of components are increased. In other words, since the first 
and second rotary compressor elements are vertically and separately arranged, the height of 
the whole compressor is increased. Furthermore, since the first and second rotary 
compressor elements are completely separately formed and do not include any common 
component, the number of components of the whole compressor is large. 
[0004] The present invention has been made in view of the above problems, and an 
object of the present invention is to reduce the number of components of a rotary 
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compressor and downsize the whole rotary compressor. 
Means of Solving the Problems 

[0005] As illustrated in FIG. 1, a rotary compressor of a first aspect of the present 
invention comprises a rotation mechanism (20) including a cylinder (21) having an annular 
5 cylinder chamber (50); an annular piston (22) contained in the cylinder chamber (50) 
eccentrically from the cylinder (21) and sectioning the cylinder chamber (50) into an outer 
compression chamber (51) and an inner compression chamber (52); and a blade (23) 
disposed in the cylinder chamber (50) and sectioning each said compression chamber (51, 
52) into a high-pressure side and a low-pressure side, said rotation mechanism (20) 

1 0 compressing a fluid by relatively rotating the cylinder (21) and the piston (22). One of 
the two compression chambers (52, 51) serves as a low-stage side compression chamber 
(51) for compressing a low-pressure fluid into an intermediate-pressure fluid. The other 
of the two compression chambers (52, 51) serves as a high-stage side compression 
chamber (52) for compressing the intermediate-pressure fluid compressed in the low-stage 

1 5 side compression chamber (51) into a high-pressure fluid. 

[0006] According to the first aspect of the present invention, the driving of the rotation 
mechanism (20) allows the cylinder (21) and the piston (22) to relatively rotate, and the 
volumes of the low-stage side compression chamber (51) and the high-stage side 
compression chamber (52) are reduced to compress a fluid. To be specific, a fluid is 

20 compressed in the low-stage side compression chamber (51) and then further compressed 
in the high-stage side compression chamber (52). 

[0007] The invention according to a second aspect provides the rotary compressor of 
the first aspect, wherein the outer compression chamber (51) serves as the low-stage side 
compression chamber (51), and the inner compression chamber (52) serves as the 
25 high-stage side compression chamber (52). 

According to the second aspect of the present invention, the volume of the 
high-stage side compression chamber (52) inevitably becomes smaller than that of the 
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low-stage side compression chamber (51). As a result, the low-stage side compression 
chamber (51) and the high-stage side compression chamber (52) have substantially the 
same maximum compression torque, resulting in reduced vibration. 

[0008] The invention according to a third aspect provides the rotary compressor of the 
5 first aspect further comprising a casing (10) containing the rotation mechanism (20), 
wherein an intermediate-pressure space (4b) into which the intermediate-pressure fluid 
compressed in the low-stage side compression chamber (51) is introduced is formed inside 
the casing (10), and a gas injection pipe (lc) through which a gas is injected into the 
intermediate-pressure space (4b) is connected to the casing (10). 

10 [0009] According to the third aspect of the present invention, in the 

intermediate-pressure space (4b), for example, a gas refrigerant is supplied through the 
intercooler and the gas injection pipe (lc) to the intermediate-pressure fluid. 
[0010] The invention according to a fourth aspect provides the rotary compressor of 
the first aspect further comprising a driving mechanism (30) for driving the rotation 

15 mechanism (20), wherein the rotation speed of the driving mechanism (30) is variably 
controlled. 

[0011] According to the fourth aspect of the present invention, the volumes of the 
low-stage side compression chamber (51) and the high-stage side compression chamber 
(52) are adjusted by controlling the rotation speed of the driving mechanism (30). 

20 [0012] The invention according to a fifth aspect provides the rotary compressor of the 
first aspect further comprising a casing (10) containing the rotation mechanism (20). The 
casing (10) is formed internally with an intermediate-pressure space (4b) into which the 
intermediate-pressure fluid compressed in the low-stage side compression chamber (51) is 
introduced and a high-pressure space (4a) into which a high-pressure fluid obtained by 

25 compressing, in the low-stage side compression chamber (51), the intermediate-pressure 
fluid contained in the intermediate-pressure space (4b) and discharged from the high-stage 
side compression chamber (52) is introduced. 
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[0013] According to the fifth aspect of the present invention, an intermediate-pressure 
fluid compressed in the lo w-stage side compression chamber (51) flows into the 
intermediate-pressure space (4b), and the intermediate-pressure fluid in the 
intermediate-pressure space (4b) flows into the high-stage side compression chamber (52) 
5 and is further compressed into a high-pressure fluid. Thereafter, a high-pressure fluid 
discharged from the high-stage side compression chamber (52) flows into the 
high-pressure space (4a). 

[0014] The invention according to a sixth aspect provides the rotary compressor of the 
fifth aspect, wherein the intermediate-pressure space (4b) is formed below the 
10 high-pressure space (4a), and the casing (10) includes an oil return passage (80) through 
which the high-pressure space (4a) communicates with the intermediate-pressure space 
(4b). 

[0015] According to the sixth aspect of the present invention, lubrication oil is isolated 
from a fluid in the high-pressure space (4a) of the casing (10), and the isolated lubrication 
1 5 oil passes through the oil return passage (80) and returns to the intermediate-pressure space 
(4b). 

[0016] The invention according to a seventh aspect provides the rotary compressor of 
the first aspect further comprising a driving mechanism (30) for driving the rotation 
mechanism (20). The driving mechanism (30) includes a stator (32), a rotor (31) and a 
20 drive shaft (33) coupled to the rotor (31), the drive shaft (33) includes an eccentric part 
(35) that is eccentric from the center of rotation, and the eccentric part (35) is coupled to 
the rotor (20). A part of the drive shaft (33) located to both axial sides of the eccentric 
part (35) is supported via bearing parts (18, 19) in a casing (10). 

[0017] According to the seventh aspect of the present invention, since parts of the 
25 drive shaft (33) located to both axial sides of the eccentric part (35) are supported via the 
bearing parts (18, 19) in the casing (10), this can restrain the sliding portion from being 
partially pressed against the upper housing (16) or the lower housing (17). 
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[0018] The invention according to an eighth aspect provides the rotary compressor of 
the first aspect, wherein the piston (22) has a shape of C obtained by cutting an annular 
ring, the blade (23) extends from the inner peripheral wall surface of the cylinder chamber 
(50) to the outer peripheral wall surface thereof and passes through the cut part of the 
5 piston (22). Swing bushes (27) coming in surface contact with the piston (22) and the 
blade (23) are disposed in the cut part of the piston (22) such that the blade (23) is 
reciprocatable and the blade (23) is swingable relative to the piston (22). 
[0019] According to the eighth aspect of the present invention, a blade (23) produces a 
reciprocating motion (back- and forth-motion) in between swing bushes (27) and swings 
1 0 relative to a piston (22) together with the swing bushes (27). In view of the above, the 
cylinder (21) revolves while swinging relative to the piston (22). In this way, the rotation 
mechanism (20) performs a predetermined compression operation. 
EFFECTS OF THE INVENTION 

[0020] In view of the above, according to this embodiment, the two compression 
15 chambers (51, 52) are formed outside and inside the piston (22), respectively. Therefore, 
the whole device can be downsized. 

[0021] Since the low-stage side compression chamber (51) and the high-stage side 
compression chamber (52) are adjacent to each other in the same plane, some components 
can be shared by the low-stage side compression chamber (51) and the high-stage side 

20 compression chamber (52), resulting in the reduced number of components. 

[0022] According to the second aspect of the present invention, since the low-stage 
side compression chamber (51) and the high- stage side compression chamber (52) are 
formed outside and inside the piston (22), respectively, the volume of the high-stage side 
compression chamber (52) inevitably becomes smaller than that of the low-stage side 

25 compression chamber (51). As a result, the low-stage side compression chamber (51) and 
the high-stage side compression chamber (52) have substantially the same maximum 
compression torque, resulting in reduced vibration and reduced noises. 
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[0023] According to the third aspect of the present invention, since the gas injection 
pipe (1c) through which a gas is injected into the intermediate-pressure space (4b) is 
provided, an external pipe can be omitted. As a result, the pressure loss can be reduced, 
resulting in an achieved high-efficiency cycle. 
5 [0024] Furthermore, since the intermediate-pressure space (4b) is formed inside the 
casing (10), the pressure applied to the casing (10) can be reduced, leading to the 
facilitated design of compressors. 

[0025] According to the fourth aspect of the present invention, since the rotation of the 
driving mechanism (30) is controlled, the amount of a refrigerant flowing through the 
10 low-stage side compression chamber (51) and the high-stage side compression chamber 
(52) can be controlled. Cost for consumed power or any other cost can be reduced while 
advantage is taken of high-performance two-stage compression. 

[0026] According to the fifth aspect of the present invention, the inside of the casing 
(10) is sectioned into the intermediate-pressure space (4b) and the high-pressure space (4a), 
15 and the intermediate-pressure space (4b) can be formed adjacent to the rotation mechanism 
(20). This can reduce the degree of superheat caused by suction, resulting in the 
enhanced efficiency. 

[0027] Furthermore, since the intermediate-pressure space (4b) is formed inside the 
casing (10), the pressure applied to the casing (10) can be reduced, leading to the 

20 facilitated design of compressors. 

[0028] According to the sixth aspect of the present invention, since the oil return 
passage (80) is provided, lubrication oil can be certainly returned to the bottom of the 
casing (10), resulting in the prevented lubrication malfunction. Furthermore, since oil is 
isolated from a refrigerant in the high-pressure space (4a), this can restrain lubrication oil 

25 from being discharged together with a refrigerant, i.e., suppress a leakage of lubrication oil. 
[0029] According to the seventh aspect of the present invention, since parts of the 
drive shaft (33) located to both axial sides of the eccentric part (35) are supported via the 
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bearing parts (18, 19) in the casing (10), this can restrain the sliding portion from being 
partially pressed against the upper housing (16) or the lower housing (17), resulting in the 
improved reliability. 

[0030] According to the eighth aspect of the present invention, since the swing bushes 
5 (27) are provided as coupling members through which the piston (22) and the blade (23) 
are coupled to each other and the swing bushes (27) are configured to be substantially in 
surface contact with the piston (22) and the blade (23), this can prevent the wearing-away 
of the piston (22) and the blade (23) during operation and the burning of contact portions 
thereof. 

1 0 [003 1] Since the swing bushes (27) are provided in surface contact with the piston (22) 
and the blade (23), this allows portions of the swing bushes (27) making contact with the 
piston (22) and the blade (23) to have an excellent sealing function. This can certainly 
prevent a leak of a refrigerant from the low-stage side compression chamber (51) and the 
high-stage side compression chamber (52), leading to the prevented reduction in 

1 5 compression efficiency. 

[0032] Since the blade (23) is formed continuously with the cylinder (21) and 
supported at both its ends by the cylinder (21), it is less likely to apply an abnormal 
concentrated load to the blade (23) during operation and cause stress concentration. In 
view of the above, the sliding portion is less likely to be damaged. This enhances the 

20 reliability of a mechanism. 

BRIEF DESCRIPTION OF DRAWINGS 

[0033] [FIG. 1] FIG. 1 is a longitudinal cross-sectional view illustrating a compressor 
according to a first embodiment of the present invention. 

[FIG. 2] FIG. 2 is a transverse cross-sectional view illustrating a compression mechanism 
25 of the first embodiment. 

[FIG. 3] FIG. 3 is a transverse cross-sectional view illustrating an operation of the 
compression mechanism of the first embodiment. 
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[FIG. 4] FIG. 4 is a circuit diagram illustrating a refrigerant circuit having the compressor 
of the first embodiment. 

[FIG. 5] FIG. 5 is a circuit diagram illustrating a variant of the refrigerant circuit of the 
first embodiment. 

5 [FIG. 6] FIG. 6 is a longitudinal cross-sectional view illustrating a compressor according to 
a second embodiment. 

[FIG. 7] FIG. 7 is a longitudinal cross-sectional view illustrating a compressor according to 
a third embodiment. 

[FIG. 8] FIG. 8 is a longitudinal cross-sectional view illustrating a compressor according to 
10 a fourth embodiment. 

[FIG. 9] FIG. 9 is a longitudinal cross-sectional view illustrating a compressor according to 
a fifth embodiment. 
Description of Numerals 
[0034] 1 compressor 
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50 cylinder chamber 

51 low-stage side compression chamber 

52 high-stage side compression chamber 
70 controller 

5 80 oil return passage 

81 oil-supply passage 
BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] Embodiments of the present invention will be described hereinafter with 
reference to the drawings. 

10 [0036] (Embodiment 1 of Invention) 

In this embodiment, as illustrated in FIGS. 1 through 4, a rotary compressor (1) of 
the present invention is applied to a refrigerant circuit (100) of a vapor compression type 
refrigerating cycle. The rotary compressor (1) is configured to include a low-stage side 
compression chamber (51) and a high-stage side compression chamber (52) and compress 

15 a refrigerant in two stages. 

[0037] As illustrated in FIG. 4, the refrigerant circuit (100) uses, for example, carbon 
dioxide (CO2) or the like as a refrigerant and is configured to have a two-stage 
compression and one-stage expansion cycle. The refrigerant circuit (100) is configured 
such that a compressor (1), a condenser (101), a receiver (102), an intercooler (103), a 

20 main expansion valve (104), and an evaporator (105) are connected through a refrigerant 
pipe in this order. The intercooler (103) includes a cooling heat exchanger (106), and the 
low-stage side compression chamber (51) and the high-stage side compression chamber 
(52) are connected through the intercooler (103) to each other. Furthermore, the 
intercooler (103) is connected with a branch pipe (107) to which part of a liquid refrigerant 

25 from the receiver (102) is led, and the branch pipe (107) is provided with a branch 
expansion valve (108). 

[0038] In the refrigerant circuit (100), a high-pressure refrigerant discharged from the 
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high-stage side compression chamber (52) of the compressor (1) is condensed by the 
condenser (101), and then the condensed refrigerant flows into the receiver (102). The 
liquid refrigerant in this receiver (102) passes through the cooling heat exchanger (106) 
and is expanded in the main expansion valve (104), and the expanded liquid refrigerant is 
5 evaporated by the evaporator (105) and flows into the low-stage side compression chamber 
(51) of the compressor (1). Meanwhile, an intermediate-pressure refrigerant compressed 
in the low-stage side compression chamber (51) flows into the intercooler (103), and part 
of the liquid refrigerant from the receiver (102) is expanded in the branch expansion valve 
(108) and then flows into the intercooler (103). In this intercooler (103), the 
10 intermediate-pressure refrigerant from the low-stage side compression chamber (51) is 
cooled, and the liquid refrigerant flowing through the cooling heat exchanger (106) is 
cooled. The intermediate-pressure refrigerant cooled in the intercooler (103) is returned 
to the high-stage side compression chamber (52) and compressed into a high-pressure 
refrigerant. The aforementioned operations are repeatedly carried out, thereby cooling 
1 5 room air, for example, by the evaporator (105). 

[0039] The rotary compressor (1) is configured to contain a compression mechanism 
(20) and a motor (30) in a casing (10) and thus take on a hermetic structure. 
[0040] The casing (10) is composed of a cylindrical barrel (11), an upper end plate 
(12) fixed to the upper end of the barrel (11), and a lower end plate (13) fixed to the lower 
20 end of the barrel (11). The barrel (11) is provided with a suction pipe (14), an inflow pipe 
(la) and an outflow pipe (lb) all penetrating the barrel (11). The suction pipe (14) is 
connected to the evaporator (105), and the inflow pipe (la) and the outflow pipe (lb) are 
connected to the intercooler (103). Furthermore, the upper end plate (12) is provided with 
a discharge pipe (15) penetrating the end plate (12). The discharge pipe (15) is connected 
25 to the condenser (101). 

[0041] The motor (30) includes a stator (31) and a rotor (32) and forms a driving 
mechanism. The stator (31) is placed below the compression mechanism (20) and fixed 
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to the barrel (11) of the casing (10). A drive shaft (33) is coupled to the rotor (32) and 
configured to rotate together with the rotor (32). 

[0042] The drive shaft (33) is provided with an oil-supply passage (not shown) 
extending axially within the drive shaft (33). An oil-supply pump (34) is disposed at the 
5 lower end of the drive shaft (33). The oil-supply passage extends upwardly from the 
oil-supply pump (34). Lubrication oil accumulated in the bottom portion of the casing 
(10) is supplied through the oil-supply passage to a sliding portion of the compression 
mechanism (20) by the oil-supply pump (34). 

[0043] An upper part of the drive shaft (33) is formed with an eccentric part (35). 
1 0 The eccentric part (35) is formed to have a larger diameter than parts of the drive shaft (33) 
located above and below the eccentric part (35) and is eccentric from the center of the 
drive shaft (33) by a predetermined amount. 

[0044] The compression mechanism (20) forms a rotation mechanism and is 
constructed between an upper housing (16) and a lower housing (17) both fixed in the 
15 casing (10). 

[0045] The compression mechanism (20) includes a cylinder (21) having an annular 
cylinder chamber (50), an annular piston (22) disposed in the cylinder chamber (50) and 
sectioning the cylinder chamber (50) into the low-stage side compression chamber (51) and 
the high-stage side compression chamber (52), and a blade (23) sectioning each of the 

20 low-stage side compression chamber (51) and the high-stage side compression chamber 
(52) into a high-pressure side and a low-pressure side as illustrated in FIG. 2. The piston 
(22) is configured to rotate eccentrically relative to the cylinder (21) within the cylinder 
chamber (50). In other words, the piston (22) and the cylinder (21) rotate eccentrically 
relative to each other. In the first embodiment, the cylinder (21) having the cylinder 

25 chamber (50) forms movable one of cooperating members, and the piston (22) disposed in 
the cylinder chamber (50) forms fixed one of the cooperating members. 
[0046] The cylinder (21) includes an outer cylinder (24) and an inner cylinder (25). 
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The outer cylinder (24) and the inner cylinder (25) are coupled at their lower ends through 
an end plate (26) to each other so as to be integrated. The inner cylinder (25) is slidably 
fitted to the eccentric part (35) of the drive shaft (33). In other words, the drive shaft (33) 
vertically passes through the cylinder chamber (50). 
5 [0047] The piston (22) is formed continuously with the upper housing (16). The 
upper housing (16) and the lower housing (17) are formed with bearing parts (18, 19) 
serving as bearing members for supporting the drive shaft (33), respectively. In view of 
the above, the compressor (1) of this embodiment takes on a through-axis structure in 
which the drive shaft (33) vertically passes through the cylinder chamber (50) and parts of 
10 the drive shaft (33) located to both axial sides of the eccentric part (35) are supported via 
the bearing parts (18, 19) in the casing (10). 

[0048] The compression mechanism (20) includes swing bushes (27) through which 
the piston (22) and the blade (23) are movably coupled to each other. The piston (22) has 
a shape of C obtained by cutting an annular ring. The blade (23) is configured to extend 

1 5 from an inner peripheral wall surface of the cylinder chamber (50) to an outer peripheral 
wall surface thereof while being inserted through the cut part of the piston (22) in a radial 
direction of the cylinder chamber (50) and fixed to the outer cylinder (24) and the inner 
cylinder (25). The swing bushes (27) serve as coupling members through which the 
piston (22) and the blade (23) are coupled to each other in the cut part of the piston (22). 

20 [0049] The inner peripheral surface of the outer cylinder (24) and the outer peripheral 
surface of the inner cylinder (25) represent concentrically disposed cylindrical surfaces, 
and a single cylinder chamber (50) is formed therebetween. The piston (22) is formed 
such that its outer peripheral surface has a smaller diameter than the inner peripheral 
surface of the outer cylinder (24) and its inner peripheral surface has a larger diameter than 

25 the outer peripheral surface of the inner cylinder (25). Thus, a low-stage side 
compression chamber (51) serving as an operating chamber is formed between the outer 
peripheral surface of the piston (22) and the inner peripheral surface of the outer cylinder 
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(24), and a high-stage side compression chamber (52) serving as an operating chamber is 
formed between the inner peripheral surface of the piston (22) and the outer peripheral 
surface of the inner cylinder (25). 

[0050] When the outer peripheral surface of the piston (22) substantially makes 
5 contact with the inner peripheral surface of the outer cylinder (24) at one point (strictly 
speaking, there is a gap on the order of microns but no significant leak of a refrigerant from 
the gap), the inner peripheral surface of the piston (22) substantially, makes contact with 
the outer peripheral surface of the inner cylinder (25) at one point having a phase 
difference of 180 degrees from the point at which the outer peripheral surface of the piston 

1 0 (22) makes contact with the inner peripheral surface of the outer cylinder (24). 

[0051] The swing bushes (27) represent a discharge-side bush (2a) located to the 
discharge side of the blade (23) and a suction-side bush (2b) located to the suction side of 
the blade (23). The discharge-side bush (2a) and the suction-side bush (2b) are formed in 
the same shape to both have generally semicircular cross sections and disposed to oppose 

15 their flat surfaces to each other. A space between the opposed surfaces of the 
discharge-side bush (2a) and suction-side bush (2b) forms a blade groove (28). 
[0052] The blade (23) is inserted into the blade groove (28). The flat surfaces of the 
swing bushes (27) are substantially in surface contact with the blade (23), and arc-shaped 
outer peripheral surfaces of the swing bushes (27) are substantially in surface contact with 

20 the piston (22). The swing bushes (27) are configured such that the blade (23) moves 
forward and backward within the blade groove (28) along the surfaces of the blade (23) 
with the blade (23) caught in the blade groove (28). At the same time, the swing bushes 
(27) are configured to swing relative to the piston (22) together with the blade (23). In 
other words, the swing bushes (27) are configured such that the blade (23) and the piston 

25 (22) are swingable relative to each other with the central point between the swing bushes 
(27) as the swing center and the blade (23) is reciprocatable relative to the piston (22) 
along the surfaces of the blade (23). 
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[0053] Although in this embodiment the discharge-side bush (2a) and suction-side 
bush (2b) are independent of each other, both the bushes (2a, 2b) may be partly coupled to 
each other so as to be integrated. 

[0054] With the above structure, the rotation of the drive shaft (33) allows the outer 
5 cylinder (24) and the inner cylinder (25) to swing with the central point between the swing 
bushes (27) as the swing center while the blade (23) moves forward and backward within 
the blade groove (28). This swing action allows the contact points between the piston 
(22) and the cylinder (21) to move in the following order: FIG. 3(A), FIG. 3(B), FIG. 3(C), 
and FIG. 3(D). In this case, the outer cylinder (24) and the inner cylinder (25) move 

1 0 around the drive shaft (33) but do not rotate. 

[0055] Furthermore, the volume of the low-stage side compression chamber (51) 
outside the piston (22) is reduced in the order of FIGS. 3(C), 3(D), 3(A), and 3(B). The 
volume of the high-stage side compression chamber (52) inside the piston (22) is reduced 
in the order of FIGS. 3(A), 3(B), 3(C), and 3(D). 

15 [0056] An upper cover plate (40) is placed on the upper housing (16). In the casing 
(10), a space located above the upper cover plate (40) is formed as a high-pressure space 
(4a), and a space located below the lower housing (17) is formed as an 
intermediate-pressure space (4b). One end of the discharge pipe (15) is open to the 
high-pressure space (4a), and one end of the outflow pipe (lb) is open to the 

20 intermediate-pressure space (4b). 

[0057] An intermediate-pressure chamber (4c) and a high-pressure chamber (4d) are 
defined by the upper housing (16) and the upper cover plate (40), and an 
intermediate-pressure passage (4e) is formed in the upper housing (16). A pocket (4f) is 
defined by the upper housing (16) and the lower housing (17) so as to be located on the 

25 outer periphery of the outer cylinder (24). 

[0058] While the inflow pipe (la) is connected to one end of the intermediate-pressure 
passage (4e), the pocket (4f) is connected with the suction pipe (14) to have a 
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suction-pressure atmosphere, i.e., a low-pressure atmosphere. 

[0059] The outer cylinder (24) is formed with a first suction port (42) radially 
penetrating the outer cylinder (24). In FIG. 2, the first suction port (42) is formed so as to 
be located to the right side of the blade (23). The first suction port (42) of the outer 
5 cylinder (24) allows the low-stage side compression chamber (51) to communicate with the 
pocket (4f). This allows the low-stage side compression chamber (51) to communicate 
with the suction pipe (14). 

[0060] A second suction port (43) is formed at the other end of the 

intermediate-pressure passage (4e). The second suction port (43) is formed so as to be 
10 located to the right side of the blade (23) and open to the high-stage side compression 
chamber (52) and allows the high-stage side compression chamber (52) to communicate 
with the immediate-pressure space (4b). 

[0061] The upper housing (16) is formed with a first discharge port (44) and a second 
discharge port (45). Both the discharge ports (44, 45) axially penetrate the upper housing 

15 (16). While one end of the first discharge port (44) is exposed to the high-pressure side of 
the low-stage side compression chamber (51), the other end thereof communicates with the 
intermediate-pressure chamber (4c). While one end of the second discharge port (44) is 
exposed to the high-pressure side of the high-stage side compression chamber (52), the 
other end thereof communicates with the high-pressure chamber (4d). Discharge valves 

20 (46) serving as reed valves for opening and closing the discharge ports (44, 45) are placed 
at the outer ends of the first discharge port (44) and the second discharge port (45). 
[0062] The immediate-pressure chamber (4c) and the immediate-pressure space (4b) 
communicate with each other through a communication passage (4g) formed in the upper 
housing (16) and the lower housing (17). Although not shown, the high-pressure 

25 chamber (4d) communicates with the high-pressure space (4a) through a high-pressure 
passage formed in the upper cover plate (40). 

[0063] A seal ring (6a) is disposed in the lower housing (17). The seal ring (6a) is 
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inserted into an annular groove of the lower housing (17) and pressed against the lower 
surface of the end plate (26) of the cylinder (21). Furthermore, intermediate-pressure 
lubrication oil is introduced onto the surface of the lower housing (17) coming into contact 
with the cylinder (21) and radially inside the seal ring (6a). With the above structure, the 
5 seal ring (6a) forms a compliance mechanism (60) for adjusting an axial location of the 
cylinder (21), and axial gaps among the piston (22), the cylinder (21) and the upper 
housing (16) are made smaller. 

[0064] The motor (30) is configured such that its rotation speed is controlled by a 
controller (70) having a control circuit, such as an inverter. 

10 [0065] -Running Operation- 
Next, an operation of the compressor (1) will be described. 
[0066] The startup of a motor (30) allows the rotation of a rotor (32) to transmit 
through a drive shaft (33) to an outer cylinder (24) and an inner cylinder (25) of a 
compression mechanism (20). Then, a blade (23) produces a reciprocating motion (back- 

15 and forth-motion) in between swing bushes (27) and swings relative to a piston (22) 
together with the swing bushes (27). In view of the above, the outer cylinder (24) and the 
inner cylinder (25) revolve around the piston (22) while swinging relative to the piston (22). 
In this way, the compression mechanism (20) performs a predetermined compression 
operation. 

20 [0067] To be specific, when the drive shaft (33) rotates clockwise from the state in 
which the piston (22) is located at top dead center as illustrated in FIG. 3(C), a suction step 
is started in a low-stage side compression chamber (51). The state illustrated in FIG. 
3(C) changes to the states shown in FIGS. 3(D), 3(A) and 3(B). Thus, the volume of the 
low-stage side compression chamber (51) is increased, and a low-pressure refrigerant is 

25 sucked through a suction pipe (14), a pocket (4£) and a first suction port (42) into the 
low-stage side compression chamber (51). 

[0068] In the state in which the piston (22) is located at top dead center as illustrated in 
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FIG. 3(C), a single low-stage side compression chamber (51) is formed outside the piston 
(22). In this state, the low-stage side compression chamber (51) has substantially the 
maximum volume. As the clockwise rotation of the drive shaft (33) allows this state to 
sequentially change to the states illustrated in FIGS. 3(D), 3(A) and 3(B), the volume of 
5 the low-stage side compression chamber (51) is reduced to compress a refrigerant. When 
the low-stage side compression chamber (51) has a predetermined intermediate pressure 
and thus a difference in pressure between the low-stage side compression chamber (51) 
and the intermediate-pressure chamber (4c) reaches a set value, associated one of discharge 
valves (46) is opened by an intermediate-pressure refrigerant in the low-stage side 
10 compression chamber (51), the intermediate-pressure refrigerant is discharged to the 
intermediate-pressure chamber (4c), and then flows out of the intermediate-pressure space 
(4b) into an inflow pipe (lb). 

[0069] On the other hand, when the drive shaft (33) rotates clockwise from the state in 
which the piston (22) is located at bottom dead center as illustrated in FIG. 3(A), a suction 

1 5 step is started in a high-stage side compression chamber (52). The state illustrated in FIG. 
3(A) changes to the states shown in FIGS. 3(B), 3(C) and 3(D). Thus, the volume of the 
high-stage side compression chamber (52) is increased, and an intermediate-pressure 
refrigerant is sucked through an inflow pipe (la), an intermediate-pressure passage (4e) 
and a second suction port (43) into the high-stage side compression chamber (52). 

20 [0070] In the state in which the piston (22) is located at bottom dead center as 
illustrated in FIG. 3(A), a single high-stage side compression chamber (52) is formed 
inside the piston (22). In this state, the high-stage side compression chamber (52) has 
substantially the maximum volume. As the clockwise rotation of the drive shaft (33) 
allows this state to sequentially change to the states illustrated in FIGS. 3(B), 3(C) and 

25 3(D), the volume of the high-stage side compression chamber (52) is reduced to compress 
a refrigerant. When the high-stage side compression chamber (52) has a predetermined 
high pressure and thus a difference in pressure between the high-stage side compression 
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chamber (52) and the high-pressure chamber (4d) reaches a set value, discharge valves 
(46) are opened by an high-pressure refrigerant in the high-stage side compression 
chamber (52), the high-pressure refrigerant is discharged to the high-pressure chamber (4d), 
and the discharged high-pressure refrigerant flows out of the high-pressure space (4a) into 
5 a discharge pipe (lb). 

[0071] In the refrigerant circuit (100), the high-pressure refrigerant discharged from 
the high-pressure side compression chamber (52) of the compressor (1) is condensed by 
the condenser (101) and then flows into a receiver (102). The resultant liquid refrigerant 
in this receiver (102) passes through a cooling heat exchanger (106) and expands through 

10 the main expansion valve (104), and the expanded liquid refrigerant is evaporated by the 
evaporator (105) and flows into the low-stage side compression chamber (51) of the 
compressor (1). Meanwhile, an intermediate-pressure refrigerant compressed in the 
low-stage side compression chamber (51) flows into an intercooler (103), and part of the 
liquid refrigerant from the receiver (102) expands through a branch expansion valve (108) 

15 and then flows into the intercooler (103). In this intercooler (103), the 
intermediate-pressure refrigerant from the low-stage side compression chamber (51) is 
cooled, and the liquid refrigerant flowing through the cooling heat exchanger (106) is also 
cooled. The intermediate-pressure refrigerant cooled by the intercooler (103) is returned 
to the high-stage side compression chamber (52) and compressed into a high-pressure 

20 refrigerant. The aforementioned operations are repeatedly carried out, thereby cooling 
room air, for example, by the evaporator (105). 
[0072] -Effects of Embodiment- 

As described above, according to this embodiment, the low-stage side compression 
chamber (51) and the high-stage side compression chamber (52) are formed outside and 

25 inside the piston (22), respectively. Therefore, the whole compressor can be downsized. 
[0073] Since the low-stage side compression chamber (51) and the high-stage side 
compression chamber (52) are located adjacent to each other in the same plane, some 
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components can be shared by the low-stage side compression chamber (51) and the 
high-stage side compression chamber (52), resulting in the reduced number of components. 
[0074] Furthermore, since the low-stage side compression chamber (51) and the 
high-stage side compression chamber (52) are formed outside and inside the piston (22), 
5 respectively, the volume of the high-stage side compression chamber (52) inevitably 
becomes smaller than that of the low-stage side compression chamber (51). As a result, 
the low-stage side compression chamber (51) and the high-stage side compression chamber 
(52) have substantially the same maximum compression torque, resulting in reduced 
vibration and reduced noises. 
10 [0075] Since the rotation of the motor (30) is controlled by the controller (70), the 
amount of a refrigerant flowing through the low-stage side compression chamber (51) and 
the high-stage side compression chamber (52) can be controlled. Cost for consumed 
power or any other cost can be reduced while advantage is taken of high-performance 
two-stage compression. 

15 [0076] Since the high-pressure space (4a) is defined by the upper cover plate (40), 
distortion of the upper housing (16) or any other component can be avoided. As a result, 
the leak of a refrigerant due to the distortion and mechanical losses can be reduced, 
resulting in the enhanced efficiency. 

[0077] The inside of the casing (10) is sectioned into the intermediate-pressure space 
20 (4b) and the high-pressure space (4a), and the intermediate-pressure space (4b) can be 
formed adjacent to the compression mechanism (20). This can reduce the degree of 
superheat caused by suction, resulting in the enhanced efficiency. 

[0078] Since the intermediate-pressure space (4b) is formed inside the casing (10), the 
pressure applied to the casing (10) can be reduced, leading to the facilitated design of 
25 compressors. 

[0079] Since the swing bushes (27) serve as coupling members through which the 
piston (22) and the blade (23) are coupled to each other and are configured to be 



20 



substantially in surface contact with the piston (22) and the blade (23), this can avoid the 
wearing-away of the piston (22) and the blade (23) during operation and the burning of 
contact portions thereof. 

[0080] Since the swing bushes (27) are provided in surface contact with the piston (22) 
5 and the blade (23), this allows portions of the swing bushes (27) making contact with the 
piston (22) and the blade (23) to have an excellent sealing function. This can certainly 
prevent a leak of a refrigerant from the low-stage side compression chamber (51) and the 
high-stage side compression chamber (52), leading to the prevented reduction in 
compression efficiency. 

10 [0081] Since the blade (23) is formed continuously with the cylinder (21) and 
supported at both its ends by the cylinder (21), it is less likely to apply an abnormal 
concentrated load to the blade (23) during operation and cause stress concentration. In 
view of the above, the sliding portion is less likely to be damaged. This enhances the 
reliability of a mechanism. 

1 5 [0082] Since the rotary compressor (1) does not have a rigorous sliding portion, such 
as a sliding portion composed of a rotor and a vane that come in line contact with each 
other, this can enhance the reliability of the rotary compressor (1) even with the application 
of a high-pressure refrigerant, such as CO2 . 

[0083] Furthermore, since parts of the drive shaft (33) located to both axial sides of the 
20 eccentric part (35) are supported via the bearing parts (18, 19) in the casing (10), this can 
restrain the sliding portion from being partially pressed against the upper housing (16) or 
the lower housing (17), resulting in the improved reliability. 
[0084] -Variant- 

The refrigerant circuit (100) of the first embodiment may be configured to have a 
25 two-stage compression and two-stage expansion cycle as illustrated in FIG. 5. 

[0085] The refrigerant circuit (100) is configured such that a compressor (1), a 
condenser (101), a receiver (102), a first expansion valve (109), an intercooler (103), a 
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second expansion valve (110), and an evaporator (105) are connected through a refrigerant 
pipe in this order. The intercooler (103) is connected with the low-stage side 
compression chamber (51) and the high-stage side compression chamber (52). 
[0086] In the refrigerant circuit (100), a high-pressure refrigerant discharged from the 
5 high-stage side compression chamber (52) of the compressor (1) is condensed by the 
condenser (101) and then flows into the receiver (102). The resultant liquid refrigerant in 
this receiver (102) is expanded into an intermediate-pressure refrigerant through the first 
expansion valve (109), and the intermediate-pressure refrigerant passes through the 
intercooler (103) and expands through the second expansion valve (110). The expanded 

10 refrigerant is evaporated by the evaporator (105) and flows into the low-stage side 
compression chamber (51) of the compressor (1). Meanwhile, an intermediate-pressure 
refrigerant compressed in the low-stage side compression chamber (51) flows into the 
intercooler (103) and is cooled therein by the refrigerant expanded through the first 
expansion valve (109). In addition, liquid refrigerant is also cooled in the intercooler 

15 (103). The intermediate-pressure refrigerant cooled by the intercooler (103) is returned to 
the high-stage side compression chamber (52) and compressed into a high-pressure 
refrigerant. The aforementioned operations are repeatedly carried out, thereby cooling 
room air, for example, by the evaporator (105). 
[0087] (Embodiment 2 of Invention) 

20 In this embodiment, as illustrated in FIG. 6, a gas injection pipe (lc) is provided 

instead of the inflow pipe (la) and outflow pipe (lb) of the first embodiment. 
[0088] More particularly, the gas injection pipe (lc) is connected to the barrel (11) of 
the casing (10) and communicates with the intermediate-pressure space (4b). The gas 
injection pipe (lc) is connected to, for example, the intercooler (103) of the first 

25 embodiment in FIG. 5, and an intermediate-pressure refrigerant is led from the intercooler 
(103) to the intermediate-pressure space (4b) of the casing (10). 

[0089] Meanwhile, in this embodiment, the inflow pipe (la) and outflow pipe (lb) of 
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the first embodiment are not provided, and an intermediate-pressure passage (4e) is formed 
to extend across the boundary between the upper housing (16) and the lower housing (17). 
One end of the intermediate-pressure passage (4e) communicates with the 
intermediate-pressure space (4b). 
5 [0090] An intermediate-pressure refrigerant compressed in the low-stage side 

compression chamber (51) flows from the intermediate-pressure chamber (4c) into the 
intermediate-pressure space (4b) and then flows through the intermediate-pressure passage 
(4e) into the high-stage side compression chamber (52) so as to be compressed. A gas 
refrigerant from the intercooler (103) is supplied through the gas injection pipe (lc) to the 

10 intermediate-pressure refrigerant in the intermediate-pressure space (4b) and cooled. 

[0091] In view of the above, since the gas injection pipe (lc) is provided, an external 
pipe, such as the inflow pipe (lb), can be omitted. As a result, the pressure loss can be 
reduced, resulting in an achieved high-efficiency cycle. The other structure, effects and 
benefits are similar to those of the first embodiment. 

1 5 [0092] (Embodiment 3 of Invention) 

Although in the second embodiment the cylinder chamber (50) of the cylinder (21) is 
open upwardly, a cylinder chamber (50) of a cylinder (21) of this embodiment is open 
downwardly as illustrated in FIG. 7. In other words, in this embodiment, the cylinder 
(21) is oriented upside down from the orientation of the cylinder (21) of the second 

20 embodiment. 

[0093] To be specific, a piston (22) is formed continuously with a lower housing (17). 
Meanwhile, a lower cover plate (41) is attached to the lower housing (17), and an 
intermediate-pressure chamber (4c), a high-pressure chamber (4d) and an 
intermediate-pressure passage (4e) are formed in the lower housing (17). 
25 [0094] First and second discharge ports (44) and (45) are formed in the lower housing 
(17). The first discharge port (44) allows a low-stage side compression chamber (51) to 
communicate with the intermediate-pressure chamber (4c), and the second discharge port 
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(45) allows a high-stage side compression chamber (52) to communicate with the 
high-pressure chamber (4d). The intermediate-pressure chamber (4c) communicates with 
an intermediate-pressure space (4b), and the intermediate-pressure passage (4e) allows the 
intermediate-pressure space (4b) to communicate with the high-stage side compression 
5 chamber (52). 

[0095] On the other hand, the high-pressure chamber (4d) communicates through a 
high-pressure passage (4h) with a high-pressure space (4a). The structures of the gas 
injection pipe (lc) and the other components and the other effects and benefits are similar 
to those of the second embodiment. 
1 0 [0096] (Embodiment 4) 

In this embodiment, as illustrated in FIG. 8, an oil return passage (80) is added to 
the first embodiment. 

[0097] More particularly, the oil return passage (80) is disposed along the barrel (11) 
of the casing (10). One end of the oil return passage (80) is open through the top surface 
15 of the upper cover plate (40). On the other hand, the other end of the oil return passage 
(80) is open below a stator (32) of the motor (30). 

[0098] The oil return passage (80) is configured to return lubrication oil isolated from 
a refrigerant in the high-pressure space (4a) to the bottom of the casing (10). More 
particularly, lubrication oil isolated from a refrigerant in the high-pressure space (4a) and 
20 allowed to collect on the upper cover plate (40) passes through the oil return passage (80) 
and returns to the bottom of the casing (10). 

[0099] In view of the above, since oil is isolated from a refrigerant in the high-pressure 
space (4a), this can restrain lubrication oil from being discharged together with the 
refrigerant, i.e., suppress a leakage of lubrication oil. 
25 [0100] Since the oil return passage (80) is provided, lubrication oil can be certainly 
returned to the bottom of the casing (10), resulting in the prevented lubrication malfunction. 
The other structure, effects and benefits are similar to those of the first embodiment. 
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[0101] (Embodiment 5 of Invention) 

Although in the fourth embodiment lubrication oil is returned through the oil return 
passage (80) to the bottom of the casing (10), it is returned to an oil-supply passage (81) 
axially extending through the interior of the drive shaft (33) in this embodiment as 
5 illustrated in FIG. 9. 

[0102] More particularly, the oil-supply passage (81) is axially formed inside the drive 
shaft (33) and configured to supply lubrication oil allowed to collect on the bottom of the 
casing (10) to a sliding portion of a compression mechanism (20) through an oil-supply 
pump (34). The oil return passage (80) is introduced into the oil-supply passage (81), one 

10 end of the oil return passage (80) is open through the top surface of the upper cover plate 
(40), and the other end thereof is open to the midpoint of the oil-supply passage (81). In 
view of the above, lubrication oil isolated from a refrigerant in the high-pressure space (4a) 
and allowed to collect on the upper cover plate (40) passes through the oil return passage 
(80) and returns to the midpoint of the oil-supply passage (81). The other structure, 

1 5 effects and benefits are similar to those of the fourth embodiment. 
[0 1 03] (Another Embodiment) 

The present invention may have the following structure in the above embodiments. 
[0104] For example, a cylinder (21) may be fixed and a piston (22) may be movable. 
[0105] A cylinder (21) may be integrated by coupling an outer cylinder (24) and an 

20 inner cylinder (25) at their upper ends through an end plate (26), and a piston (22) may be 
formed continuously with a lower housing (17). 

[0106] Furthermore, while a piston (22) may be formed in complete ring form that is 
not cut, a blade (23) may be divided into an outer blade (23) and an inner blade (23). In 
this case, the outer blade (23) may move forward and backward from an outer cylinder and 
25 make contact with the piston (22), and the inner blade (23) may move forward and 
backward from an inner cylinder and make contact with the piston (22). 
[0107] The refrigerant circuit (100) may provide only heating or be switched between 
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cooling and heating. 

[01 08] Furthermore, a refrigerant for the refrigerant circuit (100) is not limited to C0 2 . 
INDUSTRIAL APPLICABILITY 

[0109] As described above, the present invention is useful for a rotary compressor for 
5 compressing a refrigerant in two stages and suitable for, in particular, a rotary compressor 
in which a low-stage side compression chamber and a high-stage side compression 
chamber are formed in the same plane. 



